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OutlineOutline

w Problem Statement

w Background

w Navy Initiatives

w The Systems Engineering IPT

w Use of the Systems Performance Document

w Status and Future Plans
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The ProblemThe Problem

wNeed to Achieve Warfighting Capability at Battleforce Level

wRequires Systems to Work Together to Achieve Capability

wPast Experience Shows We Don’t Do This Well

wVision of Future Network Centric Warfare Requires Us to Do a
Better Job at Resolving Integration & Interoperability Issues

We Fight With System-of Systems
We Engineer and Procure Single Systems

We Fight With System-of Systems
We Engineer and Procure Single Systems
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CINCLANTFLT BGSIT 021731ZMAR98

BGSIT Hot Wash-Up Message
“ This report highlights the complexity of BG system
architecture, lack of systems successful integration
and failure of critical equipment.
  In combination, the factors created an
incoherent tactical picture for BG operators. ”

CNO WASHINGTON DC 021648Z MAY 98

“The introduction of
increasingly complex warfighting
capabilities into the fleet has
resulted in significant battle group
interoperability challenges.”

IKE BG

USS Eisenhower
(CVN 69)

ACDS Block 1 Level
2.0

CEC B/L 1

USS Cape St. George (CG 71)
USS Anzio (CG 68)

AWS MK 7 B/L 5.C.5
CEC B/L 1

USS Mitscher (DDG 57)
USS Arleigh Burke (DDG 51)
AWS MK 7 B/L 5.0.Z5/5.3.5

???

JFK BG

USS John F Kennedy (CV 67)
ACDS Block 1 Level 2.1

CEC B/L 2

USS Hue City (CG 66)
USS Vicksburg (CG 69)
AWS MK 7 B/L 6 Ph 1

CEC B/L 2

USS Mahan (DDG 72)
USS Barry (DDG 52)

AWS MK 7 B/L 5.3.6.3

???

???

Navy Battle Group Operations: 1997 - 1998Navy Battle Group Operations: 1997 - 1998

Inadequate Integration & InteroperabilityInadequate Integration & Interoperability
Exacts a PriceExacts a Price

What’s Needed? . . . Elevating Systems Engineering to a New LevelWhat’s Needed? . . . Elevating Systems Engineering to a New Level

• Caused Nearly 10% Program Growth

• Perturbated Program Execution
   Budget and Timelines

• Disrupted CINC Deployment Plans

  Resolutions of System Deficiencies:
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BackgroundBackground

w Ike Battlegroup Issue -’97/’98

w Sea-53 Role Assigned By OPNAV – ‘98

wRDA CHENG Established By ASN RDA - Apr 1999
– “Senior Technical Authority Within The Acquisition Structure For The

Overall Architecture, Integration And Interoperability..”

wN-70 Established In OPNAV - Nov’01
– “Modify PPBS Process to Focus on Capability-Driven Warfighting”

wNew SECNAV 5000.2 Drafted - ‘01-’02
– Adds Requirements for Systems Engineering of System-of-System

and Family-of-System Acquisition
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Navy I&I InitiativesNavy I&I Initiatives

w D-30 Process

– Key player - SEA-53 for OPNAV

– Key product- Battleforce Certification

w BCAPP

– Key Player - OPNAV (N-70)

– Key Product - Capability Evolution Description (CED)

w Architecture Based Systems Engineering Approach

– Key Player - RDA CHENG

– Key Product - SoS/FoS Architecture & Assessments

– Supports D-30, BCAPP, and Acquisition Processes

– Use of Systems Engineering IPT & System Performance Document (SPD)



Integration of Critical Decision ProcessesIntegration of Critical Decision Processes

Acquisition: ASN (RDA), PEOs/PMsAcquisition: ASN (RDA), PEOs/PMs

Battle Group Deployment: Fleet /SEA 53Battle Group Deployment: Fleet /SEA 53

C

B C

B C

Rev.1 6/10/02

B

A

Milestone 

Milestone

Milestone

ISR MCP
BFC2 MCP

USW MCP
TAMD MCP

EXW MCP

Strike MCP

ISR MCP
BFC2 MCP

USW MCP
TAMD MCP

EXW MCP

Strike MCP

ISR MCP
BFC2 MCP

USW MCP
TAMD MCP

EXW MCP

Strike MCP

CED- Capability Evolution Description
MCP- Mission Capability Package
SPD- Systems Performance Document

Alignment is Needed Between Resourcing, Acquisition, and DeploymentAlignment is Needed Between Resourcing, Acquisition, and Deployment

Requirements and
Resourcing: OPNAV
Requirements and

Resourcing: OPNAV

  CED

SPD

Draft 9/24/02
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The Architecture BasedThe Architecture Based
Systems Engineering ProcessSystems Engineering Process

OPNAVOPNAV RDA CHENGRDA CHENG PEO/PMPEO/PM SE IPTSE IPT

Develop
CED

Develop
CED

Architecture Assessments
& Engineering Analyses

to support 
CED Development

Architecture Assessments
& Engineering Analyses

to support 
CED Development

Data to 
Support Analyses

Data to 
Support Analyses

Identify I&I Interest
Programs/Establish

  SE IPT

Identify I&I Interest
Programs/Establish

  SE IPT

Organize & Staff
SE IPT

Organize & Staff
SE IPT

Develop
SPD

Develop
SPD

SPDSPDApprove SPDApprove SPDCoordinate SPDCoordinate SPD

u Control Critical Interfaces
u Participate in Test Readiness Reviews
u Assess Risk and Program Alignment
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Using the Systems Engineering ProcessUsing the Systems Engineering Process
to Develop the Acquisition Planto Develop the Acquisition Plan

Cost

Operational
Concept 

Static
Interoperability

Assessment

Performance
and Dynamic

Interoperability
Analysis

1st Order Assessment

2nd Order Assessment

3rd Order Assessment

Functional
Assessment

Potential
Gaps
Overlaps

Connectivity
Data Content

MCP &
 Legacy
System

List

Note:  Architectures are an Integral Part of the FoS
          Systems Engineering Process

Cost
Analysis

CONOPS
ICRD
DRM
TTP

Acronyms
CED- Capability Evolution Description
FoS- Family of Systems
MCP- Mission Capability Package
DRM- Design Reference Mission
TTP- Tactics, Techniques, Procedures
ICRD- Interim Capstone Requirements Document

FoS Cost Benefit
Analysis

Requirements
Analysis

Functional
Analysis

Functional Requirements

Metrics, eg
PRA
Weapons Expenditure
Fratricide

Recommended FoS
Allocated Baseline

Systems Engineering

Architecture

Gaps
Overlaps

Architecture

System 
Functional 

Mapping

Architecture 
Performance

 and
 Behavior

System 
Interface 
Mapping

Systems Engineering

Systems
Engineering

Systems
Engineering

Acquisition
Plans

Acquisition Plans Derived Through Architecture
Assessments and Systems Engineering Trades

Acquisition Plans Derived Through Architecture
Assessments and Systems Engineering Trades



Platforms:

Notional Strike CED SampleNotional Strike CED Sample

F/A-18 E/F
CG 47 Mod
JSF
F-14
EA-6

FY04 FY05

For Illustration Purposes Only

FY06 FY07 FY08 FY09 Out-YearsCurrent Configuration

Flag Level CED Will Hide Sensors and Weapons Under PlatformsFlag Level CED Will Hide Sensors and Weapons Under Platforms

Programs of Record
(what's being integrated)

Programs of Record
(what's being integrated)

Networks/C2:
KU-BAND SATCOM
NFN
Link 16 Upgrades
GCCS-M I3

Capability Components:
Fixed Targets
Relocatable Targets
Mobile Targets
Moving Targets

Capability Objectives:
Lethality
Survivability
Timeliness

Supporting Systems:
E-2C
Global Hawk

Decommissioned

Capability
Increments
Capability
Increments
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The Systems Engineering IPTThe Systems Engineering IPT

w Pre-Milestone B
– Develop Program Alternatives
– Support Analysis of Alternatives
– Develop Integrated Architectures
– Conduct C4ISP Review

w Post Milestone B
– Develop System Performance Document

– Quantify and Allocate MCP Functions and Performance
– Identify Critical System Interfaces
– Establish Demonstration/Validation Plan

– Approve and Control Critical System Interfaces

– Participate in Test Readiness Reviews

– Assess Risk and Program Alignment
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Two SE IPT ExamplesTwo SE IPT Examples

w Land Attack
– Not Derived From Our Process
– Generated an SPD
– Some “Lessons Learned” Achieved

w NFN
– Just Starting
– Self Initiated



Land Attack Program SchedulesLand Attack Program Schedules

DDG 84, 85, 86, 87 DDG 88, 89, 90 DDG 91, 92, 93 DDG 94, 95, 96, 97 DDG 98, 99, 100Commissionings:

CG Conversions (POR/POM 04):

DDG 81, 82, 83

1 (B/L 4)

FY01 FY02 FY03 FY04 FY05 FY06 FY07
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q

(As of 05/01/02)

NFCS 
Phase 1

5” / 62

TACTOM

TTWCS
Phase A

OPEVAL

IOC

CDR
DT IIC

LBT 1

GCCS-M
IOC

NFCS 
Phase 1+

Install DDG

FOT&E

Build II

LASM

ERGM

VTUAV/
TCS (L-Class)

VTUAV
FDR

VTUAV
IOT

VTUAV
MS III

VTUAV IOC
(L-Class)

LAM FC

CDR

 MS II PDR CDR

TECHEVAL

 OPEVAL MS III

DT IIA/OT IIA

LRIP

DDG
Install

NFN

IOC (VLS B/L III)

DT IIA

AEGIS Integration
Testing

IOC (VLS B/L V)

PC MDS/
TCOMMS

SYSTEM 
DESIGN S/W DEV.

S/W DEL..

OT

DT I DT III

DT II Fleet Release
(4.X)

OPEVAL IOC

PD DD C&T FQT LBSIT

IOC (VLS B/L VI)
VLS B/LVII

IOC

CG
Conversion

SURFACE
COMBATANTS

IOC FY08

TTWCS
Phase B

SBT

TECHEVAL

OPEVAL TTWS
TECHEVAL

MS III

TECHEVAL
DT IIB

LBT 2 

TTWS OA IOC

TECHEVAL

FBE I ORD

OT IIB

 OPEVAL
OT IIB

(3.1.2.1)

LOE 3LOE 2LOE 1

CORONADO

2 (B/L 4)

DDG 101

DT IIB/OA

OT

TECHEVAL

OPEVALInstall DDG

DT

OPEVAL

TECHEVAL

IOC

IOC

Cancelled

Cancelled

Cancelled

Cancelled

Today  13

Draft 9/24/02
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NFN Recommendation:NFN Recommendation:
 “Develop a System Performance Document” “Develop a System Performance Document”

NFN
SPD

NFN Systems EngineeringRequirements
Analysis

MDAs
Inputs
MDAs
Inputs

NFN/GCCS-M Sys Spec

NFN/TES-N System Spec

Each System Spec Includes an
Interface Control Document

NFN/JSIP-S System Spec Contract

Contract

Contract

NFN Systems Engineering IPT is a Pilot for TST SPDNFN Systems Engineering IPT is a Pilot for TST SPD

NFN Family of Systems

NFN/JSIPS-N
ORD

NFN/JSIPS-N
ORD

NFN/GCCS-M
ORD

NFN/GCCS-M
ORD

NFN/TES-N
ORD

NFN/TES-N
ORD

NFCSNFCS

Other Contributing Systems’ ORDs

PAAPAA

CDL-NCDL-N

SATCOMSATCOM

OtherOther

Design
Synthesis

Functional
Allocation

RADM Fisher response to using NFN
as a pilot SE IPT: “Absolutely on Target”

CEDsCEDs



 15NDIA 5 TH Annual Systems Engineering Conference Brief (22 Oct 02)

System Performance Document (SPD)System Performance Document (SPD)

• Developed by System Engineering IPT with Program Office SMEs

• Translates architecture descriptions into a FoS/SoS specification

– Functional and performance allocations for selected portfolios

– Defines FoS performance metrics and test plans

Defines Engineering Plan to Achieve Mission CapabilitiesDefines Engineering Plan to Achieve Mission Capabilities

SPD as a Living DocumentSPD as a Living Document
Requirements Generation System has Addressed

Integration and Interoperability for SoS/FoS
Requirements Generation System has Addressed

Integration and Interoperability for SoS/FoS

CRD

ORD

TYPE A

TYPE BTYPE B

TYPE CTYPE C

MNS

AoA

ORDORD
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What is an SPD?What is an SPD?

w “A Means of Communicating Key Technical Requirements
Early in the Life Cycle” (Defense Acquisition Desk Book)

wNot Universally Used Across DOD, No Standard Format

wWhen Used for Individual Systems - Assists the Contractor
in Identifying Key Requirements, a First Step in Developing a
System Specification

wWhen Used for Sos/FoS:
–  Allocates Functions and Performance Requirements to Systems

–  Assists in Early Identification of I&I Requirements

–  Specifies Essential Requirements for the System to Perform Its
      Assigned Task Within the Context of a Larger Mission

A Key Product of the BFSE ProcessA Key Product of the BFSE Process
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Suggested SPD ContentsSuggested SPD Contents

wTypical Mil Spec Outline - Scope, Applicable
Documents, Requirements, Qualification Provisions,
and Appendices

wKey Requirements to address: Required states and
roles; System Capability; External Interfaces; Internal
Data; Computer Resources; Human System
Integration; Training; Logistics; and Other
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Status and Future PlansStatus and Future Plans

w Continue With 2 SE IPT “Pilots”

w Generate Several New SE IPT As a Result of PR-05
BCAPP Process

w Document Policy (Either Sec Nav 5000.2C or RDA I&I
Instruction)

w Continuous Improvement of Processes

w Expand to Include Joint and Coalition Systems
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Questions?Questions?
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BackupBackup
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Generic System Engineering ProcessGeneric System Engineering Process
Concept Exploration and 

Definition - Phase 0
Demolition and

Validation - Phase I
Engineering and Manufacturing

Development - Phase II 
Production and 

Deployment - Phase III

Requirements
Analysis

System
Design

Production/
Construction

System Configuration Baseline
Milestone 0 Milestone I

Functional Baseline
Basis for Contracting & 

Controlling System Design
(Type A System Specifications)

Milestone II

Allocated Baseline
Defines Performance and Design Requirements 

for Each Configuration Item of the System
(Type B Development Specifications)

Product Baseline
Defines Detailed Design Requirements for Each

Configuration Item - Detailed Design Documentation
(Type C Product Specification; Type D Process 
Specification; And Type E Material Specification)

Milestone III

Design Reviews and Audits

System Engineering Requirements

System Requirements Review (SRR)
System Engineering Management Plan (SEMP)
Test and Evaluation Master Plan (TEMP)

System Design Review (SDR)
Software Specification Review (SSR)

Preliminary Design Review (PDR)
Critical Design Review (CDR)

Detailed Design 
and Development

Test Readiness Review (TRR)
Functional Configuration Audit (FCA)

Formal Qualification Review (FQR)
Physical Configuration Audit (PCA)

System Level Configuration Item Level Detailed Level Modifications for Improvement

Requirements
Analysis

0.1

Functional
Analysis

0.2

Requirements
Allocation

0.3

Trade-Off
Studies

0.4

Synthesis

0.5

Evaluation

0.6

Type A 
Spec

0.7

Design 
Review(s)

0.8
Feedback

0.0

Refined Functional
Analysis

Refined 
Requirements

Allocation

1.2

Detailed 
Trade-Off
Studies

1.3

Synthesis 
(CI)

Evaluation
(Engr’g Models)

1.4

Type B Spec.

1.5

Design 
Review(s)

1.6

1.7
Feedback

1.1

2.2

Detailed
Synthesis 

Evaluation
(Prototype 

Models)

2.3

Type C, D, and E Specs.

2.4

Design 
Review(s)

2.5
Feedback

Detailed 
Design

2.1
Synthesis of
Modification

3.2

Prototype
Modification

3.3

Test and Evaluation
(Production Models)

Incorporation of
Modification(s)

3.4

3.5

Configuration
Item Reviews

Feedback

Proposed Design
Modification

3.1

3.6

Continuous Process/Product Improvement
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Generic System Engineering ProcessGeneric System Engineering Process
Concept Exploration and 

Definition - Phase 0
Demolition and

Validation - Phase I
Engineering and Manufacturing

Development - Phase II 
Production and 

Deployment - Phase III

Requirements
Analysis

System
Design

Production/
Construction

System Configuration Baseline
Milestone 0 Milestone I

Functional Baseline
Basis for Contracting & 

Controlling System Design
(Type A System Specifications)

Milestone II

Allocated Baseline
Defines Performance and Design Requirements 

for Each Configuration Item of the System
(Type B Development Specifications)

Product Baseline
Defines Detailed Design Requirements for Each

Configuration Item - Detailed Design Documentation
(Type C Product Specification; Type D Process 
Specification; And Type E Material Specification)

Milestone III

Design Reviews and Audits

System Engineering Requirements

System Requirements Review (SRR)
System Engineering Management Plan (SEMP)
Test and Evaluation Master Plan (TEMP)

System Design Review (SDR)
Software Specification Review (SSR)

Preliminary Design Review (PDR)
Critical Design Review (CDR)

Detailed Design 
and Development

Test Readiness Review (TRR)
Functional Configuration Audit (FCA)

Formal Qualification Review (FQR)
Physical Configuration Audit (PCA)

System Level Configuration Item Level Detailed Level Modifications for Improvement

Requirements
Analysis

0.1

Functional
Analysis

0.2

Requirements
Allocation

0.3

Trade-Off
Studies

0.4

Synthesis

0.5

Evaluation

0.6

Type A 
Spec

0.7

Design 
Review(s)

0.8
Feedback

0.0

Refined Functional
Analysis

Refined 
Requirements

Allocation

1.2

Detailed 
Trade-Off
Studies

1.3

Synthesis 
(CI)

Evaluation
(Engr’g Models)

1.4

Type B Spec.

1.5

Design 
Review(s)

1.6

1.7
Feedback

1.1

2.2

Detailed
Synthesis 

Evaluation
(Prototype 

Models)

2.3

Type C, D, and E Specs.

2.4

Design 
Review(s)

2.5
Feedback

Detailed 
Design

2.1
Synthesis of
Modification

3.2

Prototype
Modification

3.3

Test and Evaluation
(Production Models)

Incorporation of
Modification(s)

3.4

3.5

Configuration
Item Reviews

Feedback

Proposed Design
Modification

3.1

3.6

Continuous Process/Product Improvement

System Engineering Requirements
System Level

Requirements
Analysis

0.1

Functional
Analysis

0.2

Requirements
Allocation

0.3

Trade-Off
Studies

0.4

Synthesis

0.5

Evaluation

0.6

Type A 
Spec

0.7

Design 
Review(s)

0.8
Feedback

0.0

AoA
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SRD as a Living DocumentSRD as a Living Document

Program A

Program B

Program C

Initial
 SRD

Update
 1

Update
 2

A B C

A B C

A B C

Notional SRD Development ApproachNotional SRD Development Approach
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CRD

ORD
ORDORD

TYPE A

TYPE BTYPE B

TYPE CTYPE C

MNS

AoA

SPD provides a bridge from Operational
Requirements to System Requirements

SPD provides a bridge from Operational
Requirements to System Requirements

Requirements AllocationRequirements Allocation
((SoS SoS / / FoSFoS))
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DefinitionsDefinitions

w System-of-Systems: A set or arrangement of systems that are
related or connected to provide a given capability.  The loss of
any part of the system will degrade the performance
capabilities of the whole (e.g. National Missile Defense).

w Family-of-Systems: A set or arrangement of independent
systems that can be arranged or interconnected in various
ways to provide different capabilities.  The mix of systems can
be tailored to provide desired capabilities dependent on the
situation (e.g. Space Control, Theater Missile Defense, etc).

SOURCE: CJCSI 3170.01A, 10 AUGUST 1999SOURCE: CJCSI 3170.01A, 10 AUGUST 1999


